IMPORTANCE Routine preoperative medical testing is not recommended for patients undergoing low-risk surgery, but testing is common before surgery. A 30-day preoperative testing window is conventionally used for study purposes; however, the extent of routine testing that occurs prior to that point is unknown.
R outine preoperative medical testing is not recommended for patients undergoing low-risk surgery, [1] [2] [3] [4] [5] [6] [7] yet it has been shown to occur before various types of lowrisk procedures, including cataract surgery, 8 hernia repair, 9 and other ambulatory procedures. 10 When assessing the rate of testing preoperatively, the bulk of prior research has only counted tests occurring in the 30 days before surgery. [8] [9] [10] [11] [12] As a result, if a surgery took place more than 30 days after the decision was made to operate, any testing that may have occurred when surgery was first contemplated would not have been reported in prior studies. Furthermore, testing that occurred in preparation for procedures that were subsequently postponed or cancelled, irrespective of whether the postponement was a reflection of test results, have not been taken into account in previous methodologies. This extended preoperative testing period, which begins when the decision has been made to operate and continues until the patient successfully undergoes surgery, has typically been excluded by researchers assessing administrative claims because of the difficulty of identifying postponed or cancelled surgeries using claims alone. To overcome this limitation, a claim or cluster of claims that reflects a plan for surgery must appear in the data, even if surgery itself does not occur.
One type of surgery where this surrogate marker for planned surgery exists is cataract surgery. Ocular biometry is a diagnostic test performed by ophthalmologists to determine the required power of the intraocular lens implant patients will receive during cataract surgery. 1, 4, 13, 14 This test is a necessary and final step in the ophthalmologist's diagnostic workup of a patient who will undergo cataract surgery, and it is almost never used outside of this context. 1, 4, 13, 14 Patients with cataracts who are not surgical candidates will rarely undergo biometry. In this study, we use the biometry claim as a procedure-specific indicator to mark the occasion in which an ophthalmologist first decided to operate on a patient. To our knowledge, there have not been any prior studies using administrative claims to assess the presence of routine preoperative testing that occurs once the decision has been made to operate. To determine the extent of testing that occurs earlier than the traditional preoperative testing window, we measured the rate, prevalence, and estimated total cost of routine preoperative testing during the interval between ocular biometry and cataract surgery.
Methods
This study was approved by the institutional review board at the University of California, San Francisco. Informed consent was not obtained because the study was deemed to pose minimal risk to patients.
Data Source
We obtained research-identifiable files from the US Centers for Medicare and Medicaid Services Research Data Distribution Center for Medicare beneficiaries who underwent cataract surgery in 2011. We obtained all claims from January 1, 2010, through December 31, 2011, for each beneficiary via the following datasets: Medicare Outpatient Files, which contains data on institutional outpatient clinicians and facilities, including hospital outpatient departments; Carrier Files, which contain data on noninstitutional clinicians and facilities, including physicians, independent clinical laboratories, and freestanding ambulatory surgical centers; Med-PAR Research Identifiable Files, which contain data on inpatient hospital records; and Master Beneficiary Summary Files, which contain beneficiary demographic and enrollment information. With the exception of the Master Beneficiary Summary Files, all datasets include International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes, ICD-9 or Healthcare Common Procedure Coding System procedure codes, and dates of service for services rendered.
Study Cohort
We identified patients undergoing cataract surgery between January 1, 2011, and December 31, 2011, using Current Procedural Terminology codes for cataract surgery (66982, 66983, 66984, 66850, 66920, 66930, and 66940). 15 We included patients 66 years and older who had at least 12 months of Medicare eligibility before surgery and who were enrolled in the Medicare fee-for-service program without a concurrent health maintenance organization plan. From a total of 1 004 972 eligible individuals, we obtained a random sample of 500 000 beneficiaries (49.8%). We defined each beneficiary's surgery date as the first date of a claim submitted by an ophthalmologist for routine cataract surgery (Current Procedural Terminology codes 66982-66984). Only the cataract surgery on the first eye, or the index surgery, was included for each patient. We excluded all beneficiaries who had an ICD-9 code indicating a prior cataract surgery; had a cataract surgery claim in 2010; had an inpatient stay in the 30 days prior to the index surgery; or could not be linked to a hospital referral region. 8 We examined patient characteristics including age, sex, race/ ethnicity, and health status using the Quan modification of the Charlson Comorbidity Index. We assessed the prevalence of biometry among patients who underwent cataract surgery. We calculated the number of days between the first biometry claim and index cataract surgery claim, and determined the percentage of patients having cataract surgery on the same day, within 30 days, and within 90 days of the biometry claim. We subdivided beneficiaries according to the duration of time in months that had elapsed between the biometry and index surgery dates (ie, patients grouped into month 1 had a range of 1-30 days between biometry and surgery, patients in month 2 had a range of 31-60 days, month 3 had a range of 61-90 days, and so on). For the combined cohort of beneficiaries having surgery more than 30, 60, and 90 days after biometry and for each monthly subcohort, we calculated the number of tests per patient per month during the interval between biometry and surgery. We depicted the results for each subcohort graphically to provide a complete representation of the testing that took place during the interval between biometry and cataract surgery (additional details about how testing rates were derived are presented in the eMethods in the Supplement).
To determine rates of testing when cataract surgery was not being planned, we calculated the number of tests per patient per month during the 6 months prior to biometry for each subcohort of patients with the same monthly time interval between biometry and surgery and for the combined cohort of beneficiaries having surgery more than 30, 60, and 90 days after biometry. If biometry occurred less than 30 days before surgery, then the 6-month baseline period was shifted 30 days earlier than the date of index surgery to exclude any preoperative testing that occurred in the 30-day period before surgery.
Subgroup Analysis
To eliminate the possibility that the testing that occurred in the 30 days after biometry was for reasons other than for preoperative evaluation, we identified a subgroup of patients with a Charlson Comorbidity Index score of 0 and who did not undergo any preoperative tests for 6 months prior to the biometry claim. We assessed their preoperative testing rate in the months following the biometry claim.
We also analyzed a subgroup of patients with 60 or more days between biometry and surgery to highlight the characteristics and testing patterns of the subset of patients who had repeated testing in the 30 days postbiometry and presurgery. These results are available in eTable 2 and eTable 3 of the Supplement.
Calculation of Excess Routine Preoperative Testing
To calculate the excess cost, prevalence, and count of routine tests during the extended preoperative testing window, a separate baseline period of equal length that started 1 year prior to the extended preoperative testing window was identified for each patient who had any preoperative testing between the dates of biometry and surgery. For the 6479 patients (1.5%) whose time from biometry to surgery duration exceeded the number of baseline months available for direct comparison, we adjusted our calculations to reflect the ratio of the number of months included in the biometry to surgery period vs the number of months included in the shorter baseline period. We then estimated the prevalence, cost, and number of routine preoperative tests during the biometry to surgery period compared with the baseline period of equal length from 1 year prior and the traditional preoperative testing window of 30 days before surgery. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc).
Results
Of the 440 857 patients who had cataract surgery in 2011, 423 710 (96.1%) had a biometry claim for a procedure completed prior to index surgery (Table) . Among patients with biometry, 26 639 of 423 710 (6.3%) had a biometry claim on the day of surgery, 107 812 of 423 710 (25.4%) had surgery more than 30 days after biometry, and 21 464 of 423 710 (5.1%) had surgery more than 90 days after biometry ( Figure 1) . The interval between biometry and surgery ranged from 0 days to 23.8 months. A total of 1 048 059 tests were performed during the interval between biometry and surgery. Routine preoperative testing rates were higher during the interval between biometry and surgery (1.7 tests/patient/month) compared with the In the subset of patients (n = 39 270) with no overlap between the postbiometry and presurgery periods, there was a spike in preoperative testing in both the postbiometry and presurgery months (1.8 and 2.2 tests/patient/month, respectively). Patients with testing in both periods were more likely to be older, have a higher Charlson Comorbidity Index score, and have an ophthalmologist in the lowest quartile of surgical volume compared with patients who did not have repeat testing (eTable 3 in the Supplement). Figure 2A and B shows testing rates for the subcohorts of patients who had 6 months and 9 months between biometry and surgery, respectively; there was an increase in testing in the month immediately after biometry (2.4 and 2.6 tests/ patient/month, respectively) and another increase during the month before surgery (2.2 and 2.3 tests/patient/month, respectively) compared with the baseline rate of testing (1.3 tests/ patient/month in both cohorts). The same pattern was seen in the subset of patients with a Charlson Comorbidity Index score of 0 who did not undergo any preoperative testing in the 6 months prior to the biometry claim. In these patients, testing increased from a baseline of 0 to 1.1 tests/patient/month in the 30 days after biometry. To highlight the testing that occurs immediately after biometry as distinct from testing that occurs in the month before surgery, Figure 2C shows this increase in postbiometry testing in the subset of healthy patients with a greater than 90-day interval between biometry and surgery (to 1.3 tests/patient/month, up from 0 tests/patient/month). This pattern was consistent across all patient subcohorts with more than 30 days between biometry and surgery, regardless of elapsed time between biometry and surgery ( Figure 3) .
The total number of routine preoperative tests that were performed during the interval between biometry and surgery cost approximately $22.7 million. Expenditures on testing during the extended preoperative testing period were $7.3 million (46.9%) higher than the total spent in the 30 days before surgery and $6.1 million (36.6%) higher than the total spent on testing during the baseline period of equal length 1 year prior. The prevalence of testing during the biometry to surgery period was also higher, with 237 499 patients (56.1%) undergoing at least 1 test after biometry, compared with 223 350 (52.7%) in the 30 days before surgery and 156 301 (36.9%) during the baseline period of equal length 1 year prior (Figure 4 ).
Discussion
In this study of routine preoperative testing coinciding with the initial decision to perform cataract surgery on Medicare patients, we show that in some patients, routine preoperative testing occurs earlier than previously described.
8 Although threequarters of patients had a biometry claim within 30 days of surgery, 11 we discovered that 1 in 4 patients waited more than 30 days for cataract surgery. When we analyzed preoperative testing patterns at the time of biometry, we found that there is an increase in routine preoperative testing rates in the month after biometry similar to rates previously reported in the month before surgery. 8 The spike in preoperative testing that occurs immediately after biometry, regardless of the interval between the biometry claim and the date of surgery, is present even among presumably healthy patients with no need for testing for 6 months before undergoing biometry. Ocular biometry is critical for optimizing cataract surgery outcomes.
13,14 The importance of biometry for surgical planning also allows its use as a procedure-specific indicator Among patients with a biometry claim, 75% had cataract surgery within 30 days after biometry, 20% had surgery between 31 and 90 days after biometry, and 5% had surgery more than 90 days after biometry. Patients with more than 120 days between biometry and surgery are not shown. The periodic pattern of biometry claims relative to surgery claims reflects the typical weekly intervals between the ophthalmology office visit and cataract surgery date. to represent the beginning of the surgical episode of care in patients with cataracts, since nearly every biometry claim in our data set was followed by a cataract surgery claim within 90 days. Interestingly, 6.3% of patients had a biometry claim submitted on the same day as surgery. In clinical practice, this phenomenon is likely because of a subset of ophthalmologists billing for biometry that occurred at a previous office visit. Although the ocular biometry claim should ideally be submitted by these ophthalmologists in real time, these claims do not alter our study's demonstration that claims for surrogate procedures, such as biometry, can be used as an indicator for planned surgery, even if surgery itself does not immediately follow.
When we applied this procedure-specific indicator to estimate the total cost of routine preoperative testing before index cataract surgery in Medicare patients, we found that the cost of testing during the extended preoperative testing window in our cohort increased to $22.7 million, compared with $15.4 million spent in the 30 days before surgery and $16.1 million that we had previously reported. 8 Even when taking into account background testing that may occur in this older population, we showed that the cost of testing increased by 37% over a comparable period that occurred 1 year prior to the biometry claim, suggesting that much of the additional testing that occurred in these patients was in anticipation of undergoing low-risk elective surgery. Using this expanded capture method, given that our study cohort represents a 50% sample of Medicare patients undergoing cataract surgery in 2011, we estimate that routine preoperative testing costs Medicare up to $45.4 million annually. Prior studies on routine preoperative testing, which usually highlight the testing that occurs during a 30-day preoperative window, [8] [9] [10] [11] [12] have not accounted for the extended preoperative testing period that begins when the decision is first made to operate. In this context, there are likely to be more patients undergoing routine preoperative testing before lowrisk surgical procedures similar to cataract surgery than previously recognized, despite the existence of guidelines recommending against such interventions. In addition, our data suggest that some patients may be undergoing routine preoperative testing more than once, which increases the cost and inconvenience of unnecessary testing to patients and clinicians. Although older, sicker patients were more likely to undergo repeated testing, we have previously shown that only a subset of physicians are responsible for ordering most of the excess testing that occurs. 8 In fact, previous studies have indicated that the identity of the physician or care team is a much stronger predictor of getting preoperative testing before cataract surgery than all patient demographic and clinical characteristics combined.
8
Limitations
This study has limitations. First, the use of an administrative data set lacks clinically relevant information that can help determine the true indication for the tests performed. However, the spike in testing that occurred both in the month after biometry and in the month before cataract sur- Preoperative testing rates in the months after ocular biometry and before cataract surgery were spliced to create a single graph of preoperative testing rates over time in relation to biometry and surgery. A, Patients with 6 months between biometry and surgery (n = 2133); B, patients with 9 months between biometry and surgery (n = 1136); C, patients with a Charlson comorbidity score of 0, an absence of preoperative testing in the 6 months prior to biometry, and a greater than 90-day interval between biometry and surgery (n = 961). The X-axis labels refer to the date of ocular biometry (B) or cataract surgery (S).
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gery, as well as the overall increase in testing between biometry and surgery compared with the baseline period, suggests that most of the additional tests we classified as preoperative tests were being ordered in anticipation of surgery. Second, because our study cohort only included patients who eventually went on to have cataract surgery, we cannot be certain that biometry is followed by increased preoperative testing in patients who ultimately do not undergo surgery. Additional studies will be needed to validate the use of biometry as a procedure-specific indicator for planned cataract surgery in patients who, for whatever reason, do not end up having cataract surgery after biometry has been performed.
Finally, we do not have any information as to which member of the patient care team was responsible for ordering the individual preoperative tests performed. However, regardless of who is ordering the tests, it is the responsibility of physicians in all of the relevant specialties, not just ophthalmologists, to reduce unnecessary routine preopera- This figure was created using data from all patients with greater than 30 days between biometry and surgery claim dates (n = 107 812). More prebiometry data were available for patients with fewer months between biometry and surgery because of the shorter interval between biometry and surgery claim dates. For each cohort of patients, the first spike from the left represents preoperative testing that occurred in the month after ocular biometry. The second spike represents preoperative testing that occurred in the month preceding cataract surgery. The x-axis labels are approximate representations of the timing of postbiometry testing in reference to the date of surgery. Exact labeling of postbiometry periods was impossible on this single graph given the wide variation in time between biometry and surgery represented on the graph. The x-axis labels are in reference to the date of cataract surgery (S). The category "1 year prior to biometry" represents a baseline period of equal length starting 1 year prior to the extended preoperative testing window (ie, the time between the dates of the ocular biometry claim and the cataract surgery claim). For the 1.5% of patients whose time from biometry to surgery exceeded the number of baseline months available for direct comparison, we adjusted our frequency and cost calculations to reflect the ratio of the number of months included in the biometry to surgery period vs the number of months included in the shorter baseline period. 
Conclusions
The present analysis shows that the traditional preoperative testing window of 30 days prior to the date of surgery does not always account for routine preoperative medical testing that occurs when surgery is first contemplated. When patients whose surgery occurs more than 30 days after initially planned are included, routine preoperative medical testing is more prevalent and more costly than previously reported. This study reinforces the importance of adhering to current guidelines that discourage the use of routine preoperative testing before lowrisk surgery-regardless of their timing in relation to surgery-to minimize the perpetuation of low-value care during the perioperative period.
eMethods. Description of routine preoperative testing rates in relation to ocular biometry and index surgery
We subdivided beneficiaries according to the duration of time in months that had elapsed between the biometry and index surgery dates (i.e., patients grouped into Month 1 had a range of 1 to 30 days between biometry and surgery, patients in Month 2 had a range of 31-60 days, Month 3 had 61-90 days, etc). For the combined cohort of beneficiaries having surgery more than 30, 60 and 90 days after biometry and for each monthly sub-cohort, we calculated the number of tests per patient per month during the interval between biometry and surgery.
Because the time interval between biometry and cataract surgery varied based on which sub-cohort was being analyzed, we established the timing of the monthly rate of testing in reference to the nearest event date (i.e., the date of the first biometry claim or the date of the index surgery claim). For example, in patients with 6 months between biometry and surgery, the testing rate during the first 3 months of the interval were calculated starting from the date of biometry, whereas the testing rate during the second 3 months of the interval were calculated backward from the index surgery date. If there were an odd number of months in the time interval between biometry and surgery, tests in the center month were only counted once in relation to the surgery date (i.e., there was no monthly overlap in the testing rates reported in reference to biometry or surgery). Patients with less than a full 30 days in any given month were not used to calculate testing rates for that month. We depicted the results for each sub-cohort graphically to provide a complete representation of the testing that took place during the interval between biometry and cataract surgery. 
